US 8,323,405 B2
Page 2

6,764,297
6,765,240
6,784,463
6,806,508
6,858,882
6,861,130
6,936,488
6,955,719
7,001,577
7,009,199
7,009,215
7,026,755
7,033,858
7,053,413
7,063,741
7,067,407
7,078,731
7,098,487
7,101,433
7,102,158
7,105,865
7,112,829
7,122,827
7,125,453
7,160,388
7,160,531
7,175,704
7,198,671
7,208,393
7,220,658
7,252,712
7,291,544
7,316,746
7,329,371
7,335,262
7,338,828
7,358,542
7,364,619
7,368,015
7,381,391
7,420,261
7,572,425
7,625,446
7,642,122
7,704,324
7,705,276
2001/0011935
2001/0048114
2002/0105986
2002/0189532
2003/0027014
2003/0140845
2003/0145784
2003/0183155
2003/0209191
2003/0232512
2004/0000266
2004/0104391
2004/0161222
2004/0222357
2005/0098095
2005/0109240
2005/0128469
2005/0152820
2005/0191773
2005/0205215
2006/0030738
2006/0032428
2006/0037529
2006/0037530
2006/0038193
2006/0048699
2006/0096521
2006/0177362
2006/0207497
2006/0213429
2006/0214287
2006/0228870

U.S. PATENT DOCUMENTS

B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

7/2004
7/2004
8/2004
10/2004
2/2005
3/2005
8/2005
10/2005
2/2006
3/2006
3/2006
4/2006
4/2006
5/2006
6/2006
6/2006
7/2006
8/2006
9/2006
9/2006
9/2006
9/2006
10/2006
10/2006
1/2007
1/2007
2/2007
4/2007
4/2007
5/2007
8/2007
11/2007
1/2008
2/2008
2/2008
3/2008
4/2008
4/2008
5/2008
6/2008
9/2008
8/2009
12/2009
1/2010
4/2010
4/2010
8/2001
12/2001
8/2002
12/2002
2/2003
7/2003
8/2003
10/2003
11/2003
12/2003
1/2004
6/2004
8/2004
11/2004
5/2005
5/2005
6/2005
7/2005
9/2005
9/2005
2/2006
2/2006
2/2006
2/2006
2/2006
3/2006
5/2006
8/2006
9/2006
9/2006
9/2006
10/2006

Godwin et al.
Tischler et al.
Camras et al.
D’Evelyn et al.
Tsuda et al.
D’Evelyn et al.
D’Evelyn et al.
Dmitriev et al.

Zimmerman et al.

Hall et al.
D’Evelyn et al.
Setlur et al.
Chai et al.
D’Evelyn et al.
D’Evelyn et al.
Kostamo et al.
D’Evelyn et al.
D’Evelyn et al.
D’Evelyn et al.
Tysoe et al.
Nakahata et al.
Picard et al.
Alizadeh et al.
D’Evelyn et al.
Dwilinski et al.
Jacques et al.
D’Evelyn et al.
Ueda

Haskell et al.
Haskell et al.
Dwilinski et al.
D’Evelyn et al.
D’Evelyn et al.
Setlur et al.
Dwilinski et al.
Imer et al.
Radkov et al.
Dwilinski et al.
D’Evelyn et al.
Spencer et al.
Dwili ski et al.
McNulty et al.
D’Evelyn et al.
Tysoe et al.
D’Evelyn et al.
Giddings et al.
Lee et al.
Morita et al.
Yamasaki
Motoki et al.
Johnson et al.
D’Evelyn et al.

Thompson et al.

D’Evelyn et al.
Purdy
Dickinson et al.
D’Evelyn et al.
Maeda et al.
Niida et al.
King et al.
D’Evelyn et al.
Maeta et al.
Hall et al.
D’Evelyn et al.
Suzuki et al.
Giddings et al.
Vanmaele et al.
Dwilinski et al.
D’Evelyn et al.
Dwilinski et al.
Wu et al.
D’Evelyn et al.
D’Evelyn et al.
D’Evelyn et al.
D’Evelyn et al.
Motoki et al.
Ogihara et al.
Oshima

.............. 117/68

............. 257/615

.............. 117/70

2006/0246687 Al  11/2006 Kaiser et al.
2006/0255343 Al 11/2006 Ogihara et al.
2006/0289386 Al  12/2006 Tysoe etal.
2007/0015345 Al 1/2007 Baker et al.
2007/0057337 Al 3/2007 Kano et al.
2007/0077674 Al 4/2007 Okuyama et al.
2007/0105351 Al 5/2007 Motoki et al.
2007/0141819 Al 6/2007 Park
2007/0142204 Al 6/2007 Park et al.
2007/0151509 Al 7/2007 Park
2007/0158785 Al 7/2007 D’Evelyn et al.
2007/0164292 Al 7/2007 Okuyama
2007/0166853 Al 7/2007 Guenther et al.
2007/0178039 Al 8/2007 D’Evelyn et al.
2007/0181056 Al 8/2007 D’Evelyn et al.
2007/0190758 Al 8/2007 Kaeding et al.
2007/0197004 Al 82007 Dadgar et al.
2007/0210074 Al 9/2007 Maurer et al.
2007/0215033 Al* 9/2007 Imaedaetal. ........... 117/13
2007/0228404 Al  10/2007 Tran etal.
2007/0234946 Al  10/2007 Hashimoto et al.
2007/0252164 Al 11/2007 Zhong et al.
2007/0274359 Al  11/2007 Takeuchi et al.
2007/0290224 Al 12/2007 Ogawa
2008/0006831 Al 1/2008 Ng
2008/0008855 Al 1/2008 D’Evelyn et al.
2008/0083741 Al 4/2008 Giddings et al.
2008/0087919 Al 4/2008 Tysoe et al.
2008/0156254 Al 7/2008 Dwilinski et al.
2008/0193363 Al 82008 Tsuji
2008/0198881 Al 8/2008 Farrell et al.
2008/0272462 Al  11/2008 Shimamoto
2008/0285609 Al  11/2008 Ohta et al.
2008/0298409 Al  12/2008 Yamashita et al.
2009/0092536 Al 4/2009 Kawabata et al.
2009/0218593 Al 9/2009 Kamikawa et al.
2009/0250686 Al  10/2009 Sato et al.
2009/0301387 Al  12/2009 D’Evelyn
2009/0301388 Al  12/2009 D’Evelyn
2009/0309110 Al 12/2009 Raring et al.
2009/0320744 Al 12/2009 D’Evelyn et al.
2009/0320745 Al 12/2009 D’Evelyn et al.
2010/0001300 Al 1/2010 Raring et al.
2010/0003492 Al 1/2010 D’Evelyn
2010/0025656 Al 2/2010 Raring et al.
2010/0031872 Al 2/2010 D’Evelyn
2010/0031873 Al 2/2010 D’Evelyn
2010/0031874 Al 2/2010 D’Evelyn
2010/0031875 Al 2/2010 D’Evelyn
2010/0031876 Al 2/2010 D’Evelyn
2010/0147210 Al 6/2010 D’Evelyn
2010/0151194 Al 6/2010 D’Evelyn
2010/0219505 Al 9/2010 D’Evelyn
2010/0295088 Al  11/2010 D’Evelyn et al.
2011/0121331 Al 5/2011 Simonian et al.

FOREIGN PATENT DOCUMENTS

JP 2007-039321 A 2/2007

WO WO 2005121415 A1 12/2005

WO WO02007-004495 1/2007

WO WO02012-016033 2/2012
OTHER PUBLICATIONS

Hashimoto et al. “A GaN bulk crystal wit improved structural quality
grown by the ammonothermal method,” Nature Materials 6:568-671
(Jul. 2007).

Sarva, et al. “Dynamic compressive strength of silicon carbide under
uniaxial compression,” Mat. Sci. & Eng. A 317,140 (2001).

Wang et al. “Ammonothermal growth of GaN crystals in alkaline
solutions,” Journal of crystal Growth 287:376-380 (Jan. 2006).
Byrappa, et al., “Handbook of Hydrothermal Technology: A Tech-
nology for Crystal Growth and Materials Processing,” Noyes Publi-
cations, Park Ridge, New Jersey, 2001, pp. 94-96 and 152.
Dwilinski et al, AMMONO Method of BN, AIN, and GaN Synthesis
and Crystal Growth,: Journal of Nitride Semiconductor Research,
1998, 3,25, MRS, Internet: http://nsr.mij.mrs.org.

Kolis et al., “Crystal Growth of Gallium Nitride in Supercritical
Ammonia,” Journal of Crystal Growth, 2001, vol. 222, pp. 431-434.



